ABSTRACT Type X collagen is produced exclusively in hypertrophic chondrocytes of the growth plate of the proximal tibiotarsus and is believed to play an important role during normal development from chondrogenesis to osteogenesis. Chondrocytes of chickens with tibial dyschondroplasia (TD) fail to attain full hypertrophy and the amount of type X collagen, being a marker of hypertrophy, is likely to be reduced. It is not clear whether transcriptional regulation is functional for expression of the type X collagen gene in TD birds. Nucleotide sequence of the type X collagen gene promoter was determined by sequencing PCR-based DNA clones. Nucleotide identity of this fragment between the normal and TD carriers was 97.6%. Both normal and TD birds were similar in a putative
INTRODUCTION
Tibial dyschondroplasia (TD) is a common skeletal disease of commercial broiler chickens. Tibial dyschondroplasia is characterized by a mass of nonvascularized and nonmineralized growth plate cartilage in the metaphysis of the proximal tibiotarsus (Riddell, 1976) . The incidence of TD can be changed by selection, as evidenced by 95% incidence of TD in a high line and 6% in a low line of broiler chickens (Zhang et al., 1995) , supporting the concept that TD in broilers is a heritable trait (Leach and Nesheim, 1972; Riddell, 1976; Sheridan et al, 1978; Burton et al, 1981; Wong-Valle et al, 1993) .
In studies to determine biochemical abnormalities of the cartilage matrix in TD lesions (Freedman et al., 1985; Bashey et al, 1989; Chen et al, 1993; Orth and Cook, 1994) , Bashey et al (1989) reported that the amount of the type X collagen in TD lesions was. less than half of that found in pure hypertrophic cartilage. Chen et al. (1993) determined that the type X collagen was present, but mRNA for the type X collagen was not detectable in TD lesions. In contrast, Thorp et al. (1993) reported that transcription start site, the site of TATAA box, and neither had a CCAAT box. However, there were two gaps in TD carriers, four gaps in normals, and five nucleotide substitution sites. By rapid amplification of cDNA ends by PCR (RACE-PCR), transcription of the gene was assessed using total RNA and mRNA from both normal chondrocytes and TD lesions at 3 and 4 wk of age. The RACE-PCR product for type X collagen mRNA was detectable in both normal and TD birds at two stages. No difference was found between them. This result does not support the hypothesis that transcriptional regulation of type X collagen gene is important in TD development of chickens. Variations in the promoter region did not affect transcription of type X collagen gene in TD carrier chickens.
1996 Poultry Science 75:691-694 the type X collagen was decreased and its mRNA was increased in growth plates of chickens with TD compared with the normal birds.
The type X collagen in TD lesions did not differ in cyanogen bromide (CNBr) peptide patterns and amino acid composition compared with those isolated from the normal growth plate cartilage (Bashey et al. 1989) . This result suggests that the low level of the type X collagen in TD lesions might be due to alterations in developmental regulation of the gene, rather than to modifications in its structure (Bashey et al. 1989) . Run-off transcription assays of the chicken sternum showed that tissue-specific expression of the type X collagen gene is due to changes in transcription levels of the gene (LuValle et ah, 1989) . Nucleotide sequences of the type X collagen gene demonstrated considerable divergence of the 5'-untranslated region among chickens, mice, and bovines, whereas the other coding regions of the three species showed a high level of identity (Elima et ah, 1993) . Presumably, the failure of vascularization and calcification of the extracellular matrix in TD lesions could be associated with inadequate transcription of the type X collagen gene, which may be related to alterations in the gene promoter. We herein report comparisons between normal and TD chickens in nucleotide sequences of the gene promoter and tran-(Key words: chicken, promoter, tibial dyschondroplasia, type X collagen) scription of the gene by rapid amplification of cDNA ends by PCR assay (RACE-PCR).
MATERIALS AND METHODS

Chicken Lines
Two broiler lines, with a high (95%) or low (6%) incidence of TD, were used in this study. These lines were developed by eight generations of divergent selection from 400 commercial primary breeder chickens (Zhang et al, 1995) , using a low-intensity x-ray imagining Lixiscope to examine the left and right proximal tibiotarsus of birds at 7 wk of age (Bartels et al, 1989) .
DNA and RNA Isolation
A 1-mL sample of blood was taken via the brachial vein from each of the 20 (10 males and 10 females) high line birds, which were all carriers of TD, and the 20 low line birds, which were normal, at 7 wk of age. Each sample was mixed with 50 pL of 0.5 M EDTA, divided into 50-/*L aliquots, and frozen at -70 C. The DNA was isolated according to Dunnington et al. (1990) .
Total RNA was isolated from TD lesions in tibiotarsi of the high line birds and the corresponding region of tissues of the low line birds, at 3 and 4 wk of age, essentially using the guanidinium thiocyanate method (Chirgwin et al, 1979) . Poly (A)+ RNA was isolated by oligo(dT)-cellulose chromatography.
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Polymerase Chain Reaction
The DNA sample was amplified using a pair of synthetic oligonucleotide primers with sequences corresponding to bases -514 to -^193 and 45 to 64 within the region of the type X collagen gene promoter in chickens (LuValle et al, 1993) : PI, 5'-ACTGGTTGGAAAT AATCTTCGG-3' and P2, 5'-TCACCGTTTAGG AGGAGACC-3'. The reaction mixture contained 10 mM Tris-HCl (pH 8.3), 50 mM KC1, 5.0 mM MgCl 2 , 250 /*M of each dNTP, 1.0 /JVf of each of the primer set, 2 U of AmpiiTaq® DNA polymerase (Stoffei fragment), 3 and 75 ng DNA template in a 15-^L reaction volume. The mixture was overlaid with 20 yiL of liquid wax. The amplification was performed by programming for 10 min initial denaturation at 95 C, followed by 25 cycles of 1 min denaturation at 95 C, 1 min annealing at 50 C, 1 min primer extension at 72 C each cycle, and then 5 min final extension at 72 C, using a COY tempcycler II.4 A control reaction was run without adding template DNA. Amplification products were separated by agarose gel electrophoresis and detected by ethidium bromide.
RACE-PCR
The RACE-PCR was performed as the procedure described by Frohman et al. (1988) with modifications. Single-stranded cDNA was synthesized from 1 \>.g total RNA or mRNA isolated from both lines at 3 and 4 wk of age as described above using a 500 nm adaptor primer (5'-GGCCACGCGTCGACTAGTAC(T)l7-3') and 200 U Superscript™ reverse transcriptase 2 in 20 mM Tris, pH 8.4, 10 mM dithiothreitol, 2.5 mM MgCl 2 ,40 mM KC1,100 ng/ mL bovine serum albumin, 500 pM each dNTP at 42 C for 1 h. Subsequent 25 cycles of PCR amplification used two specific oligonucleotide primers P3 (5'-ATCCCGCGGATCATCAGCTTCTGCTCAC-3') and P4 (5'-ATCCCGCGGTCACCAGTGGCAGAAGAAC-3'), which correspond to positions in exon 1, and an universal amplification primer P5 (5'-CUACUACUACUAGG CCACGCGTCGACTAGTAC-3') in 50 mM Tris-HCl, pH 9.2, 16 mM (NH4) 2 S0 4 , 2.25 mM MgCl 2 , 500 /xM each dNTP, and the mixture of Taq and Pwo DNA polymerases 5 at 94 C for 10 s, 55 C for 30 s, and 68 C for 1 min. A control reaction was run with the same RNA sample without adding the reverse transcriptase.
Cloning of PCR Products
Gel slices containing an expected DNA fragment of the PCR amplification products were excised and purified using Prep-A-Gene Purification Systems.
6 After purification, fragments were ligated into the 3' terminal thymidine ends created within the multiple cloning region of the pGEM-T vector. 7 The ligates were used to transform XL1-Blue MRF' competent cells.
8 Recombinants were obtained and tested by Southern blot analyses for the inserts related to the promoter sequences. A DNA probe pSPLX (LuValle et al, 1988) was used.
Southern and Northern Blot Analysis
The Ncol/Pstl restriction digests (5 /*g) from the pGEM-T vector clones were resolved by agarose gel electrophoresis and transferred using 0.4 M NaOH to Zeta-Probe Blotting membranes.
6 After cross-linking with ultraviolet light (120,000 /xj/cm 2 ) using the UV Cross-linker,9 membranes were hybridized with a 32 P random labeled probe pSPLX insert in a buffer containing 50% formamide, 0.12 M Na 2 HP0 4 (pH 7.2), 0.25 M NaCl, and 7% SDS. Hybridizations were performed at 43 C for 22 h. The membranes were washed with a buffer containing 0.1 x SSC and 0.1% SDS at 43 C for 15 min three times and exposed to Fuji Medical x-ray film at -70 C. Clones pHl, pH2, and pH9 from the high line and pL7, pL8, and pLIO from the low line were selected. A Northern hybridization LuValle et al. (1993) with the number +1 above the A residue. The TATAA box is underlined from -27 to -23 nt. No CCAAT box was found within the sequence. There were two gaps in high line birds (at -288 and -232 nt) and four gaps in low line birds (at -169 to -170, -146, -114, and -78 to -79 nt). Five nucleotide substitution sites (at -379 to -380, -166, -131 to -132, -123, -104 nt) were found in high line birds. There are two putative regulatory elements distinctive between high and low line birds: a consensus DNA binding site for activator protein 2 at -128 to -121 nt and a retinoic acid binding site at -286 to -282 nt, indicated by double underlines.
for type X collagen mRNA from both high and low line birds was performed using digoxigenin-dUTP labeled probe pSPLX insert and enzyme immunoassay detection kit.5
Nucleic Acid Sequencing
Dye terminator cycle sequencing reactions were performed on the selected clones with the Applied Biosystems 373 DNA Sequencer^ using primers SP6 and T7. Analyses of the sequence and a search of the Genbank data base (Release 77.0) for homologous sequences were performed using the DNASIS program.l°
RESULTS AND DISCUSSION
Nucleotide Sequence of the Promoter
Inserts in clones pHl, pH2, pL8, and pLIO were sequenced. Nucleotide sequences of the inserts in pHl and pH2 from high line birds were identical. They were compared with the sequence of inserts in pL8 and pLIO 10 Hitachi Software Engineering America Ltd., Brisbane, CA 94005. from low line birds, which were identical (Figure 1 ). Nucleotide identity of this fragment between high and low line chickens was 97.6%. In this region, the high line chickens had 37.5% G + C content and the low line chickens had 37.2%. Both high and low line birds were similar in a putative transcription start site, the site of TATAA box, and neither had a CCAAT box. However, there were two gaps at -288 and -232 nucleotide (nt) in high line birds, four gaps at -169 to -170, -146, -114, and -78 to -79 nt in low line birds, and five nucleotide substitution sites at -379 to -380, -166, -131 to -132, -123, and -104 nt in the high line.
Search for consensus regulatory sequence elements from Genbank showed a large number of putative regulatory elements in the promoter region. Among these possible regulatory elements, two sequences showed difference between the high and low line birds. One was the consensus DNA binding site at -128 to -121 nt. An enhancer binding protein AP-2 could mediate transcriptional activity by signal transduction pathways following recognition of the DNA binding site (Imagawa et ah, 1987) . The retinoic acid binding site at -286 to -282 nt may act as a regulatory element, because the retinoic acid can induce the type X collagen synthesis in cultured chicken sternal chondrocytes (Pacifici et al, 1991) .
Transcription of the Type X Collagen Gene
Northern blot hybridization demonstrated that type X collagen mRNA was present in chondrocytes of both high and low line birds. Stage-specific transcription of the gene was assessed by RACE-PCR assays using total RNA and mRNA at 3 and 4 wk of age, at which stages TD had fully developed. First-strand cDNA was synthesized using the adaptor primer and subsequently used as a template for PCR with the gene-specific primers. The RACE-PCR product for type X collagen mRNA was detectable in both high and low line birds at two stages by Southern blot hybridization using pSPLX as a probe. This result is in contrast to results of Chen et al. (1993) , who reported that mRNA of type X collagen gene was not detectable in TD lesions by in situ hybridization, whereas the gene transcript was present in chickens with no TD. Thorp et al. (1993) , on the other hand, reported that chickens with no TD had a decreased transcription of type X collagen gene in comparison to TD carriers. These inconsistent results may be due to different sensitivity of methods used and different developmental stages of sampled chickens. The RACE-PCR is used as a sensitive method to detect transcription of genes. It seems that minor alternations in the gene promoter region did not affect transcription of type X collagen gene in TD carrier chickens. The results do not support the hypothesis that transcriptional regulation of type X collagen gene was important in TD development of chickens.
